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T he study of risk factors affecting musculoskeletal health problems in the workplace has been an important research focus area in recent years. These risk factors have been commonly grouped as individual, physical, and psychosocial or work organizational factors. Individual factors are usually treated as control variables that are accounted for in the study design or treated as statistical covariates (eg, age, gender, education, lifestyle) when their association with the health outcome measures in the study is established. Physical factors primarily refer to the physical demands of a job that can be measured quantitatively (eg, required force, task frequency, weight handled, postural demands) or qualitatively using dichotomous or multiple choice assessment instruments. Psychosocial or work organizational factors are wide ranging and include variables relevant to both the job setting (eg, job content, job control, job satisfaction, organizational climate, supervisor support, safety climate) and private life (eg, family support, social contacts, close friends). These types of factors are almost always measured qualitatively with scales and questions on surveys.
The two most studied work-related musculoskeletal disorders (MSDs) are lower back pain and upper extremity disorders. Numerous studies have examined the relationship between various potential risk factors and measures of back and upper extremity disorders, which include pain in the upper and lower back, hands, wrists, forearms, elbows, neck, and shoulders. Extensive review articles evaluating studies of both lower back and upper extremity disorders have been published. [1] [2] [3] [4] [5] [6] Ferguson and Marras 2 conducted a comprehensive review of the literature examining the relationship between low back disorders and potential risk factors. The authors categorized applicable studies according to five low back health outcome measures (discomfort/symptoms, injuries, incidence, lost time, and restricted time) and five risk factor categories (personal, physical, exposure, psychological, and psychosocial). Based on their review of the selected studies, they reported that a high percentage of studies found a positive association between low back disorders and a number of risk factors, including lifting, high postural demands, frequent number of lifts per day, stressful life events/stress, high mental workload, and low control over work or autonomy. The only two personal factors that showed a positive relationship to low back disorders were previous history of back pain and household income. The authors concluded that some kind of interaction or combined effect between the physical and nonphysical factors is likely, but only a few of the studies actually examined the possible role of an interaction between the different types of risk factors. 2 Regarding work-related upper extremity musculoskeletal disorders (UEMSDs), it has been difficult to define specific outcome measures that relate to neck pain, and pain in the shoulders, forearms, wrists, and hands. To date, there is no single standardized definition for upper extremity arm pain that is useful in self-report surveys.
Studies examining the effects of individual, physical, and psychosocial factors on various outcome measures for upper extremity disorders have reported mixed results. Numerous investigators have shown a link between physical and psychosocial factors and various UEMSD outcomes. [7] [8] [9] [10] [11] [12] Devereux et al, 8 reported that high perceived job stress was an intermediate factor between high exposures (eg, high exposure versus low exposure when responses were dichotomized) to both physical and psychosocial risk factors and selfreported low back, upper back, and hand/wrist complaints, but the follow-up study indicated no increased likelihood of new episodes with high perceived job stress. Results from follow-up studies indicated that high exposure to both physical and psychosocial risk factors increased the likelihood of new reports of upper extremity musculoskeletal disorders.
Two recent nationwide surveys that examined the occurrence of MSDs in Taiwan showed a high prevalence of low back and hand/wrist disorders in the working population. Guo et al 13 conducted a survey of 22,475 nonself-employed workers in Taiwan and found the prevalence of reported MSDs was between 35% and 40%, and that the "lower back and waist" were the most frequently affected body regions (18.3% of males and 19.7% of females reporting low back disorder), followed by shoulder (14.4% of males and 17.4% of females), and hand-wrist problems (10.7% of males and 10.3% of females). In the Guo et al study, 13 however, the authors indicated that their study was limited because "information on many risk factors for MSD was not collected in the survey," including psychosocial and work task loading information. In another nationwide survey conducted in Taiwan, Lee et al 14 surveyed 17,669 workers to examine the prevalence and psychosocial risk factors of upper extremity musculoskeletal pain in industries of Taiwan. After multiple logistic regression modeling adjusted for age, education, and employment duration, Lee and colleagues found that job content, physical working conditions, harmonious interpersonal relationship in the workplaces, and organizational problems were significant determinants of upper extremity disorders in manufacturing and service industries. Unfortunately, the survey did not include specific questions about physical work demands, so the researchers were unable to evaluate the relative contribution of physical and psychosocial stressors on the development of MSDs.
The purpose of the present investigation was to conduct a crosssectional study of upper extremity and low back musculoskeletal disorders from data collected from a biannual US national survey. Two outcome measures were included in the survey: self-reported back pain, which is referred to as "back pain;" and upper extremity pain, which includes pain in the hands, wrists, arms, or shoulders and is referred to as "pain in arms." Several individual, psychosocial, and physical factors, as well as the effects of the combination of selected factors, were investigated for their relationship to these outcome measures. These individual factors and the combined effects of selected factors were chosen based on their history of relevance in prior studies.
Materials and Methods
The data analyzed were from the General Social Survey (GSS), a biannual US national survey conducted by the National Opinion Research Center. The GSS target population was a US adult, noninstitutionalized, English-speaking population, each of who were aged 18 years or older. Full probability sampling was employed, and the survey was conducted by computer-assisted personal interviewing (CAPI). Additional details about sample selection, interviewing procedures, and data collection are provided in the Davis study. 15 The GSS has a core module that collects a variety of demographic data and social attitudes but also contains a number of specialized modules. The 2002 GSS survey contained a quality of work life (QWL) module developed by the National Institute for Occupa-tional Safety and Health (NIOSH) with advice from a panel of experts in organizational behavior, occupational safety and health, and human resource management. The questions and response choices included in the QWL module that were considered to be pertinent to the present study of work-related low back pain and hand wrist pain are listed in Appendix A. The QWL module was administered as a part of the GSS in households across the United States during a face-to-face, 90-minute interview given only to respondents who indicated they were employed for pay in the week previous to the survey or temporarily not working because of vacation, illness, or strike. This analysis resulted in a sample of 1777 respondents who qualified and were interviewed for the QWL module. For the present analysis, the sample only included individuals who were currently employed and worked 20 hours per week or more, resulting in a final sample size of 1484 workers. Depending on the questionnaire item, the number of responses varied slightly for each question. No information about musculoskeletal health outcomes or occupations was obtained from those who did not qualify to participate in the survey (ie, those respondents who were not working at the time of the survey). Table 1 provides a breakdown of occupational categories for the respondents who qualified for the current analysis.
Two questions about the workrelated MSD health outcomes (ie, self-reported back pain and upper extremity pain) and two questions about the physical exposures (ie, self-reported exposure to repeated manual material handling and exposure to repetitive or forceful hand movements or awkward posture), were included on the 2002 module. In addition, several individual, physical, and psychosocial factors that are potentially relevant to the occurrence of MSDs were also included in the 2002 module. The risk factors (ie, variables) chosen for analysis (see Appendix A) were based on reviews of previously published reports that indicated significant relationships with back pain and upper extremity pain, or those that we considered to have a significant potential for a relationship. The pertinent questions were included in the following categories: outcome measures ("back pain" and "pain in arms"); physical factors ("heavy lifting" and "hand movement"); individual factors ("age," "gender," and "hurt at work"); and psychosocial factors ("job satisfaction," "work freedom," "supervisor support," "work time," "work fast," "work hours," "must work," "safety climate," "work stress," and "work schedule"). Responses to the questionnaire items ranged from dichotomous choices of "Yes" or "No" to Likert scale items with either one to four or one to five choices. Items with continuous distributions (eg, age, work hours per week, years on current job) were recategorized for analysis purposes. After reliability analysis indicated some of the questions were essentially redundant, the responses from two questionnaire items relating to supervisor support were combined (eg, averaged) to create the data for a single variable, "supervisor support," and the four questionnaire items relating to safety climate were combined (eg, averaged) to create the data for a single variable, "safety climate" (See Appendix A).
We conducted an analysis to determine the frequency of interviewees indicating the two outcome measures ("back pain" and "pain in arms"), by eight occupational classifications. The eight occupational categories were managerial, professional, technical/ sales, administrative support, service, farming/forestry/fishing, precision production/laborers, and operators. We selected these eight occupational categories to match historical NIOSH studies of occupations and are similar to the US Bureau of Labor Statistics occupational classifications. We evaluated the differences in reports of the two health outcome measures, "back pain" and "pain in arms," between the eight occupational classifications using a 2 test. We also determined the correlation between the reports of "back pain" and "pain in arms" and the percentage of respondents reporting "Yes" to both "back pain" and "pain in arms." We calculated odds ratios to determine the significance of the risk for each factor and to evaluate risk trends. We used logistic regression analysis (SAS Version 9.1, SAS Institute, Inc., Cary, North Carolina) to calculate these statistics. Appropriate odds ratios for predicting exposure for each health outcome were also determined for each variable. We performed extensive analysis of the two factor interactions using stepwise regression analysis. We did not believe that additional combinations beyond two-factor interactions would be interpretable. In one model, all risk factors and all levels of response were used, and in another model only the interactions significantly correlated were included. None of the two-factor interactions for "back pain" was significant at the 0.05 alpha level, and only one twofactor interaction for "pain in the arms" was significant (ie, the interaction between "must work" and "work freedom").
Since the initial analyses revealed little significant interaction between the factors, we conducted a second statistical assessment using a dichotomization scheme to evaluate possible effects of combinations of selected variables. This assessment consisted of collapsing the response choices for the variables "job satisfaction," "safety climate," "work stress," "work fast," and "work time" into "Yes" and "No" categories in which responses 1 and 2 were combined as "Yes" and responses 3 and 4 were combined as "No." Note that the "Yes" category for "work time" means that workers indicated that they had enough time to get the work done, so the "No" choice would be least desirable. The choices for "work stress" were dichotomized into "Yes" and "No" by collapsing choices 1 and 2 for "Yes" and choices 3, 4, and 5 for "No" (see Appendix A for response choices for each variable). These variables were chosen for dichotomization because they were thought to be the most likely variables to impact the risk of MSDs. Odds ratios were recalculated with the dichotomized response choices for both outcome measures ("back pain" and "pain in arms") and the effects of the following combinations of factors: "heavy lifting" and "work stress"; "heavy lifting" and "work fast"; "heavy lifting" and "work time"; "hand movement" and "work stress"; "hand movement" and "work fast"; and "hand movement" and "work time." Table 1 presents the overall frequency of interviewees indicating "back pain" and "pain in arms" by eight occupational classifications. A 2 analysis indicated a significant difference between the different occupational classifications and the reports of "back pain" ( 2 ϭ 21.09, df ϭ 7.1, P ϭ 0.0036). This difference was due to higher percentages of "back pain" reported for the classifications of service, farming/forest/ fishing, precision production/laborers and operators, which ranged from 33% to 35%, than managerial, professional, technical/sales, and administrative support, which ranged from 20% to 28%. A similar trend was evident for the outcome measure "pain in arms" but the 2 statistic (12.74, df ϭ 7, P ϭ 0.079) was not significant. Overall, the percentage of interviewees reporting "Yes" to the "back pain" outcome measure was 27.90%; for "pain in arms," 27.99%.
Results
Although the percentages were similar, the correlation between the reports of "back pain" and "pain in arms," though significant, was only 0.38 (P Ͻ 0.0001). The percentage of respondents reporting "Yes" to both "back pain" and "pain in arms" was only 15.34%. These results are reassuring because they indicate independence between the two health outcome variables (ie, "back pain" and "pain in arms"). The results of the analysis of the variables using the dichotomization scheme and evaluation of possible effects due to combinations of factors for "back pain" are also presented in Table 2 . We summarize the results of the various analyses for "back pain" below.
Back Pain Outcome Measure

Individual Factors
As can be seen in Table 2 , the only individual risk factor significantly affecting reported "back pain" was "hurt at work" last year. The odds ratio for each level of response for being hurt at work 1, 2, or 3 times or greater compared with being hurt at work 0 times for "back pain" all showed significant increase in risk, with the greatest odds ratio for risk occurring for the hurt category of 3 times or greater (ie, OR ϭ 5.510 [95% CI ϭ 2.773-10.947]). The other individual risk factors (eg, gender, age) did not approach significance.
Physical Factors
The two physical factors in the analysis, "heavy lifting (ie, repeated lifting, pulling, or pushing)" and "hand movements" (ie, repetitive or stressful hand movements or awkward postures), were highly significant for "back pain." The OR for "heavy lifting" and "back pain" was 2.013 (95% CI ϭ 1.598 -2.537). For "hand movement" and "back pain," the OR was 2.47 (95% CI ϭ 1.945-3.135).
Psychosocial Factors
As can be seen in Table 2 , only two of the psychosocial factors, "work fast," and "work schedule," did not show a significant relation- showing a protective effect. The OR for the "work fast" and "work time" variables was not significant.
With respect to the analysis of the combinations of dichotomized variables seen in Table 2 , several combinations of variables showed an additive effect (on a log scale), but none of the interactions between pairs of variables were statistically significant. For example, the evaluation of various combinations of "heavy lifting" and "work stress 3,4,5" revealed that the OR for "work stress" ϭ Yes and "heavy lifting" ϭ No was 1.935 (95% CI ϭ 1.372-2.729). The OR for "heavy lifting" ϭ Yes and "work stress" ϭ No was 1.935 (95% CI ϭ 1.427-2.623), but the OR for both "work stress" ϭ Yes and "heavy lifting" ϭ Yes combined was 4.474 (95% CI ϭ 3.161-6.334). Clearly, these results show an additive relationship.
Pain in Arms Outcome Measure
The results for the analysis of the "pain in arms" outcome measure are displayed in Table 3 . A summary of the results is listed below.
Individual Factors
For the outcome measure "pain in arms," the only significant individual risk factor was "hurt at work" last year. Odds ratios for each level of response for this variable (ie, 1, 2, or 3 or greater times hurt at work) were also significant when compared with 0 times hurt at work (see Table 3 ). The other individual risk factors, gender and age, did not approach significance.
Physical Factors
The two physical exposure factors in the analysis, "heavy lifting" (ie, repeated lifting, pulling, or pushing) and "hand movement" (ie, repetitive or stressful hand movements or awkward postures), were both significant for the outcome measure of "pain in arms." The OR for the relationship between "heavy lifting" and "pain in arms" was 1.703 (95% CI ϭ 1.354 -2.141), and the OR for the relationship between "hand movement and pain in arms" was 2.421 (95% CI ϭ 1.909 -3.071).
Psychosocial Factors
As can be seen in Table 3 , all but two of the psychosocial variables included in the analysis were shown to have a significant relationship to the outcome measure "pain in arms." The findings were similar to what was found for "back pain." For the variable "job satisfaction," there was a clear increase in risk as the responses became more negative (ie, as the response went from "very satisfied" to "not at all satisfied"), with a maximum OR of 3.77 (95% CI ϭ 2.086 -6.827) for the most negative response compared to the most positive response. Similarly, there was an increase in risk as the responses for the variable "supervisor support" became more negative (ie, moved from "very true" to "not at all true" for the presence of supervisor support). As with "back pain" there appeared to be a weak protective effect for "work hours" for the response category of "51 to 60" hours per week compared to "Յ40 hours" per week. Table 3 also displays the results from the analysis involving the dichotomization scheme and the evaluation of possible effects of combinations of significant variables for the "pain in arms" outcome measure. As can be seen in the table, significant OR values were found for "job satisfaction" , when examined alone. The OR for the variable "work fast" was not significant. Similar to the findings for "back pain," the OR for the variable "work time" was significant, but the effect was protective. That is, the respondents who reported having enough time to get the job done showed a lower risk of "pain in arms" then did those who reported that they did not have enough time to get the job done. The variable "safety climate" also showed a protective effect.
In terms of the combinations of dichotomized variables seen in Table  3 , statistically significant increases in the risk of "pain in arms" were found for several combinations of variables. For example, for the evaluation of the combined effects of "hand movement" and "work stress 3, 4, 5", the OR for combination of "hand movement" ϭ Yes and "work stress, 3, 4, 5" ϭ No was 2.095 (95% CI ϭ 1.537-2.856). The OR for the combinations of "hand movement" ϭ No and "work Stress, 3, 4, 5" ϭ Yes was 1.734 (95% CI ϭ 1.181-2.545), whereas the OR for the combination of "hand movement" ϭ Yes and "work stress 3, 4, 5" ϭ Yes was 4.940 (95% CI ϭ 3.532-6.911). These results are clearly an additive effect.
Discussion
This study examined the effect of various individual, physical, and psychosocial/work organizational factors on self-reported low back pain and upper extremity pain using personal interviews in a sample of a national working population. Analysis of the results reveals that the only individual variable with a significant relationship to reporting back pain or upper extremity pain was whether or not the participant reported having been hurt at work more than one time in the last year. For the "back pain" outcome measure, the highest OR was found for those who reported being hurt at work three times or more in the last year (OR ϭ 5.510 [95% CI ϭ 2.773-10.947]). For "pain in arms," the highest OR was found for those who reported being hurt two times in the last year (OR ϭ 4.295 [95% CI ϭ 1.621-11.374]). Previous studies have shown that when a worker reports one injury, it is probable that multiple injuries are more likely to occur for those individuals. 16 Reports of multiple injuries were called "comorbidity" by Moore and Garg 16 who emphasized the importance of multiple measures for identifying associations between risk factors. Our findings suggest that this was not a problem in this study, since only 15.34% of respondents reported "Yes" to both "back pain" and "pain in arms." Also, back pain is a recurrent disorder, and it is likely that those who develop back pain will reinjure the back if they are not fully recovered. 2, 17 Assessment of the findings from the analysis reveals that physical factors, heavy lifting and repetitive hand movement, were significantly related to reporting both back pain and upper extremity pain. Because a significant relationship between heavy lifting and back pain has been shown often in other epidemiological studies, 3, 5 it was anticipated that heavy lifting would be significantly related to selfreported back pain in this study. Overall, the percentage of interviewees reporting "Yes" to the "back pain" outcome measure was 27.90%. This is comparable to findings of Devereux et al, 8 who reported a similar 28% rate for low back complaints, even though the definition used by Devereux et al 8 (ie, low back problems occurring more than three times or lasting more than one week in the previous year) differed somewhat from the definition used in the current study. A comparison with the Devereux et al 8 study for upper extremity disorders could not be made because different outcome measures were reported.
It is not clear why jobs with exposure to repetitive or stressful hand movements or awkward hand postures would be related to an increase in risk of back pain. It is possible that jobs with repetitive hand movements or work with awkward hand postures involved light material handling that would repetitively load the back and possibly result in an increased risk of back pain. It is more likely, however, that the respondents misinterpreted the meaning of the term "awkward posture" in the question about exposure to hand activities to mean awkward back posture, rather than awkward hand postures, as was intended. This lack of clarity in the question could have resulted in a greater OR for the relationship between "hand movement" and "back pain" than might have been expected.
As reported in the results section, many of the psychosocial factors were significantly related to back pain. In a previous cross-sectional study of back pain and lifting, Waters et al 18 reported that the ORs for the relationship between job satisfaction and back pain for workers who were "not too satisfied" and "not at all satisfied" with their jobs were 4.57 (95% CI ϭ 1.74 -12.6) and 7.65 (95% CI ϭ 1.59 -45.0), respectively. Unlike the present study, however, Waters 18 reported that no other psychosocial or individual factors were shown to be significantly related to self-reported back pain. Nevertheless, other epidemiological studies have shown a significant relationship between psychosocial factors and reports of back pain. 4, 8 The relationship between work stress and back pain is especially interesting in the present study. As reported in Table 2 , the ORs for the relationship between "work stress" and "back pain" for those workers who reported that their work was "often" or "always" stressful were 1.797 (95% CI ϭ 1.042-3.098) and 2.890 (95% CI ϭ 1.595-5.235), respectively. Although these findings are in agreement with many other studies that have shown work stress to be linked to increased risk of other health outcomes, such as cardiovascular disease, immunological problems, gastrointestinal problems, mental illness, general well-being, and musculoskeletal disorders, other studies also show no clear links of work stress to these health outcomes. 19 A major difficulty lies in the separation of work stress from personal stress. The recent report by Devereux et al, 8 where stress was treated both as an individual risk factor (beliefs about causes and alleviation of stress) and a psychosocial factor (perceived job stress) indicated that high perceived job stress was an intermediate factor for selfreported musculoskeletal complaints and that beliefs about the causes and alleviation of stress were unlikely to be involved.
There also appears to be an additive effect between exposure to phys-ical work factors and work stress, as shown by the significant OR values for the combined effects of "heavy lifting" and "work stress," (OR ϭ 4.474 [95% CI ϭ 3.161-6.334]) on "back pain," and for the combined effect of "hand movement" and "work stress" (OR ϭ 3.848 [95% CI ϭ 2.722-5.440]) on "pain in arms." These results suggest that both factors play a role in reports of work-related MSDs, and that both factors may need to be considered for intervention to reduce incidence of MSDs in the workplace.
Also interesting is that we did not observe any significant combined effects between exposure to physical work factors ("heavy lifting" or "hand movement") and the variable "work fast" for either of the two outcome measures ("back pain" or "pain in arms"). This finding is somewhat unexpected, since task repetition has often been shown to be a significant risk factor for both back and upper extremity musculoskeletal disorders. 16, 20 It is possible that respondents' perception of "work fast" differed from what experts might equate with frequency of the task or rates of repetition. That is, workers may have thought about the overall expectations of the job or how they perceive their effort, rather than how fast they actually have to work. This may result in a poor match between the physical demands of highly repetitive work and the workers' perception of "work fast." When the variable was dichotomized, it still was not significantly related to either "back pain" or "pain in arms."
The current study was limited in that the physical exposure variables for both back pain and upper extremity pain were self-reported and not quantitatively measured. Winkel and Mathisassen 21 stated that imprecise estimates of exposure may underestimate the risk due to exposure and that psychosocial factors may be overestimated, which may have occurred in this study. Another limitation is that the population of participants may have been skewed toward nonphysical work. As can be seen in Table 1 , a large fraction of the workers (62.5%) who participated in the survey were employed in work that might be considered to be nonphysical (eg, managerial, professional, technical sales, and administrative support), compared with 37.5% who were employed in work that likely would be considered physically demanding. This finding suggests that the analysis may have been unbalanced regarding exposure for both the back and hands and wrists. Some sampling bias could have resulted.
Although fatigue in the respondents (eg, from answering numerous questions) is always a possibility in survey studies, this study was administered directly to the participants during a face-to-face interview. This approach lessens the likelihood that respondents would have become fatigued, bored, or misunderstood the questions.
Finally, the concern about respondents reporting multiple musculoskeletal pain outcomes may not be warranted. Although the survey population reported similar percentages of back pain (27.90%) and upper extremity pain (27.99%), overall, only 15.34% reported having both back pain and upper extremity pain. Also, those reporting both MSD outcomes were distributed as would be expected. That is, the lowest percentages of respondents reporting both health outcomes (back pain and upper extremity pain) were in the jobs with the lowest levels of physical loading (ie, managerial, professional, technical/sales, and administrative support at 14.52%, 10.04%, 13.12%, and 13.81%, respectively) compared with respondents in jobs with higher levels of physical loading (ie, service, farming/forestry/fishing, precision production/laborers, and operators at 21.58%, 17.39%, and 17.42%, respectively), where both the back and the upper extremities would be physically loaded.
Conclusions
Based on our findings, we concluded that there was a clear relationship between physical loads and musculoskeletal disorders. Heavy lifting was associated with an increased risk of low back pain, and repetitive or forceful hand movements were associated with an increased risk of upper extremity disorders. We also concluded that there was a significant combined effect for physical factors and stress, and that the effect appeared to be additive. The OR for back pain was approximately 4.5 for those respondents who performed heavy lifting and who perceived a high level of work stress, compared with those who did not have these exposures. Similarly, the OR for upper extremity disorders was approximately 4.8 for those respondents who were involved in jobs requiring repetitive or forceful hand movements and who had a high level of work stress compared with those who did not report this exposure. Because this study is cross-sectional, it is not possible to draw conclusions about causality. However, a significant relationship among physical loading, stress, and MSDs was found in this study.
Finally, relying on a large sample from an ongoing national survey of a working population provides a database for tracking future changes in reports of MSDs. Future studies focusing on the potential effect of combined risk factors for musculoskeletal disorders, including physical, personal, psychological, and psychosocial factors, would be helpful. To improve the quality of the evaluation in future studies, it would be beneficial to actually quantify the exposures to physical risk factors, rather than rely on self-reported measures.
